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Nomenclature

A0  Cross-sectional area of the tunnel stagnation section

A(x) Cross-sectional area at x

CPi Pressure coefficient at pressure tap i

CQ Ventilation air flow coefficient

D Model Diameter

Fr Froude number V D

g Gravitational constant (32.2 ft/sec
2)

k* Critical cavitation number for the transition from the twin vortex to
reentrant jet regime

L Cavity length

P Cavity pressurec

PG-S Partial pressure of dissolved gas at saturation

P. Pressure at tap i

P Total pressure

P Free-stream static pressure

Q Volume flowrate of ventilation air

Re Reynolds number V D/v

S Distance along the model

s Surface tension

t Time

V_ Free-stream velocity

We Weber number V
'D 5/
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x 0  Position of the beginning of the tunnel stagnation section

x Position of the beginning of the tunnel test section

a Air content

a Henry's Law constant

v Kinematic viscosity

p Mass density of the working fluid

a Cavitation number

o p Instantaneous cavitation number based on P0 (t) - P (t)

a Instantaneous cavitation number based on the instantaneous velocity
in the test section

* Critical cavitation number for the transition from the reentrant
jet to twin vortex regime
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I. INTRODUCTION

When a missile passes from a gaseous to a liquid environment many
factors influence the resulting trajectory. As indicated on page 3,
section I of May [l]* the body shape, entry velocity and attitude affect
the eventual path of the projectile. Water entry phenomena are usually

investigated in a hydroballistics tank, where the model is fired into a
stationary tank of water at the desired velocity and entry angle. Extensive
instrumentation is required for recording the rapid sequence of events in
the entry cycle which generally has the following phases:

1. Shockwave Phase
2. Flow-Forming Phase
3. Open-Cavity Phase
4. Closed-Cavity Phase
5. Collapsing-Cavity Phase
6. Fully Wetted Phase

An explanation of these phases can be found in Reference 1.

A study of the growth and attrition of the cavity formed over a body
is of great importance. In many instances the cavity will extend far
behind the missile. The control surfaces then may have only limited con-
tact with the water and the missile trajectory can be erratic. The point
at which the cavity shortens to an extent that the control surfaces are
again effective is of vital interest.

The closed-cavity and collapsing-cavity phases are of interest in
this investigation and together constitute the cavity running phaqe of water
entry. When this phase is reached, the missile and trailing cavity are
isolated from the free surface. If the cavity running phase could be
simulated in a water tunnel environment, the problem would be greatly
simplified. It is for this reason that this investigation has been
undertaken.

Previous studies of this subject have been conducted at the Garfield
Thomas Water Tunnel by Kim and ILoll [2]. This first study was concerned
with cavity geometry, ventilation air flow rate, pressure distribution, and
cavity attrition for a series of conical-nosed bodies with ventilated
cavities. The present investigation is an extension of the previous work.
Of main consideration is the influence of the afterbody arrangement on the
entrainment rate, cavitation number, and attrition rate. In addition it
was desirable to extend the pressure distribution data by Kim and Hloll [2]

4 t3 longer cavity lengths.

The investigation was conductel in four main parts. In the first part
the cavitation ntrrber was measured as a function of cavity length. The sec.nd
part involved the measurement of the ventilation a i r fl ow coeff i c it as a

I r function of cavitation number. in the third part, the pressutre distribultion

* Numbers in brackets refer to documents in list of references.

.l

-., , , , ... ', ] q _r-- - ' '
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was measured on the body with the 1.0 inch afterbody. Lastly a study of
the cavity decay process was conducted using the model with no afterbody.
For the cavity attrition test the tunnel drive and ventilation air were
turned off simultaneously to simulate the later stages of a cavity running
missile. The decay of the cavity was recorded photographically while
instantaneous measurement of the cavity and free-stream pressures were
measured. A comparison between the cavity attrition and steady state data
could then be made.

J
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II. DESCRIPTION OF THE EXPERIMENTAL INVESTIGATION

2.1 Test Models

The test facility used throughout this investigation was the 12-inch
water tunnel located in the Garfield Thomas Water Tunnel Building of the
Applied Research Laboratory at The Pennsylvania State University. This
facility is capable of maximum velocities of approximately 70 ft/sec and is
equipped with extensive degassing equipment for varying the total air
content. There were three models employed during this investigation:

Model I - 450 apex angle, 1.0 inch diameter conical head joined

to a 0.5 inch diameter afterbody

Model II - 450 apex angle, 1.0 inch diameter conical head joined
to a 1.0 inch diameter afterbody

Model III - 450 apex angle, i 0 inch diameter conical head without

an afterbody and supported by three struts

A photograph of these models is shown in Figure 1. Each model was fabricated
with six holes around the periphery where the conical nose joins the after-
body, for the introduction of ventilation air. A pressure tap was located

on all models for measuring the cavity pressure. The model with the 1.0 inch
afterbody also contained a total of nine pressure taps along the conical

nose and afterbody for measuring the pressure distribution.

The tests were conducted at velocities of 30, 45, and 50 ft/sec with
the flow velocity set by knowing calibrations with a pressure transducer
from previous tests. The experimental setup for the steady state measurements
is illustrated in Figure 2.

2.2 Cavitation Number Versus Cavity Length

The first test was to determine the relationship between the cavitation
number (a) and the cavity length. The ventilation air was turned on after
attaining the test veloicity and the cavity length was then set by observing
lines which were on the rifterbody every 0.5 inch. The cavity length was
judged in a somewhat different manner for the model with no afterbody. A
graduated rule was taped to the windows on either side of the tunnel. By

sighting across the test section and lining up the correct scales, the cavity
length could be set accurately. The pressures, Po-P., P and P where P

0 c 0
is the total pressure, P. is the free-stream static pressure and PC is tile
cavity pressure, were then measured for computing the cavitation number.

2.3 Ventilation Air Flow Coefficient

One of the main objectives of this investigation involved recording

the effect of the afterbody arrangement on the entrainment rate. Careful
consideration was given to the experimental procedure so that gaseous
diffusion across the cavity wall was minimized. The test sequence was

as follows:

*--**k,-
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1) Initially the tunnel was run to insure that the air content
was uniform throughout the tunnel with any large amounts of free
gas being bled off at the domes.

2) An air content reading, taken with a Van Slyke apparatus,
measured the total gas content. During this time the tunnel
pressure was kept high enough so that air would not come out
of solution.

3) The test parameters (P -P , P , P , and 0) were then selected
pending the results of the air content reading. In general,
a high air content necessitated testing at the shorter cavity
lengths and visa versa. This was required to keep the pressure
in the flowmeter within safety limits.

4) The cavity pressure for minimum diffusion was then calculated
according to Henry's Law i.e. the cavity pressure (Pc) was set
equal to the partial pressure of air at saturation i.e. a a where
a is the air content in ppm and 8 is Henry's law constant.

5) The test section static pressure (P.) was calculated for the
given cavity pressure, flow velocity and cavitation number i.e.
P = I/2oV 2i + p where p is the !!nsity of the water.

6) After setting the tunnel conditions the air supply was turned
on until the correct cavity length was achieved.

7) The flowmeter reading, flowmeter pressure, P0-P, P , and Pc

were measured a number of times during the test. (If there was
relatively little air injected into the system during the test
such as for shorter cavity lengths, another test could quickly
be run before the air content had changed appreciably.)

8) The tunnel pressure was decreased at the conclusion of the run
and much of the free air bled off through the domes which required
from 10 to 30 minutes.

9) Pressurizing the tunnel then pushed the remaining free air into
solution.

10) The test cycle was then repeated.

2.4 Pressure Distribution

As previously mentioned, the model with the 1.0 inch diameter afterbody
was equipped with nine pressure taps for measuring the pressure distribution
over the body. The apparatus for this test is similar to that shown in
Figure 2, with the exception of a multichannel scanivalve replacing the
manual pressure switches and the output of the pressure transducer recorded

on a teletype.

' -., '-: - . . . . i , i , ..... .. . . _ . .
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The tunnel was brought up to the test velocity and the air flowrate
increased to adjust the cavity length to the desired value. A number of
readings at each condition were taken. Care was taken to insure that the
cavity length did not vary appreciably during the time of the data collection.

2.5 Cavity Attrition

The cavity attrition tests were conducted at velocities of 30 and 50 ft/sec
for a range of cavity lengths with the procedure similar to that of Kim and
Holl [2]. The test setup is illustrated in Figure 3 and test procedure is
as follows:

1. All pressure transducers were first bled and zeroed.

2. The framing rate and aperture setting of the movie camera used
for recording the collapse cycle were set.

3. The tunnel velocity and pressure were adjusted to the desired test

conditions.

4. A stopwatch in the field of view of the movie camera was started.
This allowed an accurate calibration of the movie camera framing
rate.

5. Photographic lights illuminating the tunnel test section were
turned on.

6. The ventilation air was adjusted for the correct cavity length.

7. The movie camera and oscillograph were started.

8. To initiate the test sequence the ventilation air supply and
tunnel drive system were shut down simultaneously. A strobe light
connected to the tunnel drive switch, also fired at this time.

9. After the completion of the cavity decay,the movie camera was
switched off and zero valves for the oscillograph traces were found

iafter each test.

The data for the cavity attrition tests were in the form of a movie
sequence and an oscillograph trace. The point at which the tunnel drive
was shut down was marked on the movie film by a darkened frame due to the

strobe flash. A photoelectric cell simultaneously created a pulse on the
oscillograph trace at the instant of the strobe flash. Also P09 P .and P

were recorded on the oscillograph for calculating the cavitation index as
a function of time. By comparing the movie sequence and the oscillograph
traces the instantaneous cavitation number as a function of instantaneous
cavity length could be found.

I*1't
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III. TEST RESULTS AND DISCUSSION

3.1 Cavitation Number Versus Cavity Length

The cavitation number is defined as

P -p
a C

1/2pV 2

where P is the free-stream static pressure, P is the cavity pressure,~C
p is the mass density of the working fluid and V is the free-stream

velocity. Also, the cavity length (L) was expressed in the dimensionless
form L/D = Cavity Length

Model Diameter (2)

Data for the three models at velocities of 30, 45, and 50 fps are
tabulated in Table 1 and presented in Figures 4-6 with the empirical equation
which correlates the data shown in each figure. Figure 7 presents a comparison
of the data for all three models. In this figure,the average cavitation
number at the three velocities for a given cavity length was plotted tor each
model. The data for all three models are closely approximated by a single
curve. A comparison of the data for this investigation and that of Kim and
Holl [2] is presented in Figure 8. At the shorter cavity lengths, the data
of Kim and Holl are slightly higher than the corresponding data obtained
in this investigation. After examination of the models for both investigations,
it was observed that the junction point between the cone and afterbody was
slightly rounded for the present study. In contrast, the junction point on
the model utilized by Kim and Holl was a sharp angle. This rounded edge
could have a significant effect upon the flow field which would tend to
decrease the cavitation number for a given L/D.

3.2 Ventilation Air Flow Coefficient

The ventilation air flow coefficient is defined as

C Q D2  (3)
V D

where Q is the volume flowrate of air needed to sustain a given cavity,
V is the upstream velocity, and D is the model diameter. The effect of
diffusion across the cavity wall was minimized by maintaining the average
cavity pressure equal to the partial pressure of the gas at saturation. The
partial pressure of the gas at saturation is obtained by Henry's Law given
by

PG-S 0 (4)

where a is the dissolved air content and P is the Henry's Law constant

at the bulk temperature of the water. For minimum diffusion then Pc=PG-s
so that
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P -PG-
0= 

(5)

l/2pV 
2

and

P, = /2pV 20 + P (6)

The air content was measured with a Van Slyke apparatus. (The total gas
content as measured by the Van Slyke apparatus is the dissolved gas
content plus the free gas content. Since the free gas content is a small
part of the total gas content, the value obtained by the Van Slyke

apparatus closely approximates the dissolved gas content.) As stated
previously, C is a Iunction of cavity length, so for a given set of
test parameters and a measured air content, tile free-stream pressure
can be set for minimum diffusion across the cavity wall.

In addition to limiting the effects of gaseous diffusion, vaporous
cavitation had to be eliminated. This was done by operating the tunnel
at sufficiently high free-stream static pressures. With gaseous diffusion

and vaporization minimized, an accurate measurement of tile rate of air
flow out of the cavity could be made.

The flow coefficient as a function of cavitation number is presented

for the three models in Figures 9 to 11 and the data are tabulated in Table 2.
The results show the same qualitative trend as observed by Kim and Hell [21

and Billet and Weir [2], namely an increase in C with both velocity and

cavity length.

I
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In Figure 12, an interesting comparison is made between the ventilation
air flow coefficients as a function of cavitation number for all three models.
These results are presented for a velocity of 45 ft/sec. The model requiring
the lowest flowrate for a given cavitation number is the one with no after-
body. The model with the 0.5 inch diameter afterbody required the largest
flowrate except at the highest values of a. The data for the model with
the 1.0 inch diameter afterbody was between other two.

It would seem that the model with no afterbody should require the largest
flowrate because of the apparent greater volume of gas inside the cavity
but this was not the case. The reentrant jet behavior could possibly account
for this effect. It is indicated on page 32 of Section 3 of Reference [1]
that the mixing created by the reentrant jet is the main entrainment mechanism.
Due to gravity effects, the reentrant jet should move along the bottom of
the cavity for the model with no afterbody. An afterbody could have a guiding
effect upon the reentrant jet causing more mixing in the upper section of
the cavity. Observations of the cavity support this contention. The fact
still remains that the model with the 0.5 inch diameter afterbody required
a greater flowrate than the model with the 1.0 inch diameter afterbody.
However, considering the possible data spread it may be that the data for
the bodies with 0.5 inch and 1.0 inch afterbodies are fairly close to each other.

Also in Figure 12 some of the data of Kim and Holl [2] for a model with
a 1.0 inch afterbody are plotted. For this test condition there is good
agreement between the Kim-Holl data and the data for Model II.

3.3 Pressure Distribution

The pressure was expressed as a dimensionless quantity in the form
Pi-P

CP- P -"2 (7)
i /2pV 2

where Pi is the pressure at tap i(i=l to 9). The pressure distribution
results are shown in Figures 13-15 and the data are tabulated in Table 3.It is noted in Figures 13-15 that a ICpI for the pressure taps in the

cavity i.e. taps 8 and 9. These data were obtained to extend the results
of Kim and Holl [2] to longer cavity lengths. The results for one condition,
compared to data taken by Kim and Holl and Rouse and McNown [4], are shown
in Figure 16. There is good agreement for all points except at pressure
tap 7 where Kim and Holl recorded a somewhat lower C . This is most likely

p
due to the fact that the slope of the pressure distribution in this area is
very steep. A small change in the location of tile tap would cause a large
variation in the measured pressure.

It is apparent from Figure 16 that the position of the pressure taps
for this investigation do not coincide with those for the other investigations.
The exact pressure tap locations for the two models are given in Table IV.

.. It
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3.4 Observations of the Transition Between the Reentrant Jet and Twin
Vortex Flow Regimes

A very interesting observation was made during the study of the model
with no afterbody. It was noticed that when the cavity reached a certain
length for given flow conditions it suddenly grew to four or five times its
original length. This effect was more pronounced as the velocity was
decreased. At 30 ft/sec the cavity length could only be increased to
L/D - 5.5 before becoming unstable. A slight increase in the ventilation
air flowrate at this point and the cavity grew to L/D z 25 (the exact cavity
length could not be ascertained since the trailing edge was not visible
downstream of the test section window). The flowrate could then be decreased
substantially without affecting the cavity length a significant amount. A
critical value was reached, upon decreasing the flowrate, where the cavity
suddenly shortened to a value of L/D = 2.5. At other velocities, the critical
cavity length and flowrates were different and are summarized in Table V.

The instability in the cavity length may be attributed to the transition
between the reentrant jet and twin vortex flow regimes. This effect has
been observed in the past and is easily explained. When the cavity is short,
there is a reentrant jet formed at the downstream end of the cavity. The
reentrant jet moves forward striking the sides of the cavity and in some
cases has enough momentum to reach the nose of the model itself. As the
cavity becomes longer gravitational effects become significant distorting
the streamlines from the axisymmetric case. Because of gravitational
effects and an assumed uniform pressure within the cavity, the velocity
must be greater on the top of the cavity than on the bottom, resulting in
a net circulation.

The reason for the rapid increase in length at transition could be due
to the following. The reentrant jet moving through the cavity creates a
violent mixing action and thus a very high gas entrainment. As gravitational
effects become significant, the cavity becomes more stable, with the reentrant
jet eliminated. At this cavity length the ventilation needed to sustain a

V cavity with a reentrant jet is far greater than that required in the twin
vortex regime. The cavity then grows rapidly to a point where equilibrium
is reached.

A photograph of the cavity in the reentrant jet regime is shown in
Figure 17. The opaque appearance of the cavity is due to the violent mixing
caused by the reentrant jet striking the cavity wall. As transition to the
twin vortex regime takes place, the cavity becomes clearer at the upstream
end w*ith some mixing due the reentrant jet still occurring as shown by the
pohtograph in Figure 18. The photograph in Figure 19 shows the cavity

Fin the twin vortex regime at a velocity of 30 fps. For this test condition
the cavity extends downstream of the test section window. At approximately
15 fps the cavity in the twin vortex regime is much shorter as shown in
Figure 20. The cavity walls are clear and smooth for the twin vortex regime
and thus appears very unlike the reentrant jet regime.

Detail of the aft section of the cavity is shown in Figure 21. From
this viewing angle only one of the vortices was visible, with the otherr vortex directly behind the one nearest the camera. Both vortices were

tf-- dd
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observed when viewed from above the water tunnel test section. Photographs
could not be taken at this angle due to the poor optical condition of the
upper window in the test section

The gravitational effect upon the transition between flow regimes is
shown in Figure 22 where the inverse of the Froude Number is plotted
against the critical cavitation index. The critical cavitation index
(G*) is defined as the lowest possible a which can be attained before
transition to the twin vortex regime occurs. The data indicates

Fr a 3. (8)

A similar plot was presented by Swanson and O'Neill [5] for flow over sharp-
edged disks. For their investigation the data show that

Fr k* 1 1, (9)

where k* is a critical cavitation number for transition from the twin
vortex to the reentrant jet regimes. One possible reason for the lack of
agreement between equations 8 and 9 could be the difference in the flow
geometries. Another reason for the discrepancy may be due to the difference
in the method of determining the critical cavitation indices k* and a*.
As just stated, a* is the point at which transition from the reentrant jet
to the twin vortex regime occurs while increasing the ventilation air flow
rate. Swanson and O'Neill evaluated k* in a somewhat different manner;
they measured the critical cavitation number for transition from the twin
vortex regime to the reentrant jet regime by decreasing the ventilation
air flow rate until the cavity abrubtly shortened.

The difference between a* and k* can be explained by referring to
Figure 23, where the ventilation air flow coefficient is plotted as a
function of cavitation number. For this investigation the ventilation air
flow was increased to point I on the graph where transition to the twin
vortex regime occurs. This is the value of 0*. The cavity then grows,
without an increase in the ventilation air flowrate, to the conditions
indicated by point 2. The flowrate can then be decreased to where transition
to the reentrant jet regime occurs, point 3. This would be k* as defined
by Swanson and O'Neill. The cavity then shortens to the flow conditions
indicated by point 4.

The method for determining 0* will give values for o* greater than
k*. This would account for some of the difference between the product
of the cavitation number and reciprocal of the Froude number as measured by
Swanson and O'Neill and by this investigation. Tunnel blockage effects could
also influence the results.

lh L r; nsLt ion region was lis , obse, rvvd tor tht, he odels wi h aft e rbodi, s
.11 t hough t he cI 1Feet wis not is prououncod. The !l I tI'owti ol the cavi Lv,
whink the twin vortex r11 e. Ce, d n o ho rol liz,,d 1 oerlu: ;, of interlerence
it the down.Lstr,.iim end ol t ilt caVi Lv t'tuised by t ho support strut . l)u, to
thei t i ci, lmn 1 t invol ,ved, further -tttd, o f the train titon bttween tile,
retntrint jet and twin vortex regime could not be undertaken in this
investigation.
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3.5 Cavity Attrition

Much of the theoretical analysis for the cavity attrition test is
presented in Reference 2. It can be shown that in a decelerating flow

1/2PV. 2(t) > P0 (t)-P(t) • (10)

If the decelerating effect is great, the difference between the two can
be significant. We can,therefore,express the cavitation number in two
forms: namely

=P(t) -P (t)
P(t) - (T)

or
P.(t)- P (t)

t 1/2pV 2(t)

where P (t), and Pc(t) are the instantaneous pressures in the

test section, stagnation section, and cavity pressure, respectively, and

V (t) is the instantaneous velocity in the test section. For steady

flow then a = a C From the unsteady Bernoulli equation along the centerp t

streamline of the 12 inch water tunnel (contraction ratio of 3:1), it was

shown that
P (t) - P(t)

00 00
Co00(t) + 40V 02(t) + =0 (13)

where x

dx
CO J A(-x) (14)

x0

The constant, CO, was calculated by Kim and Ioll [2] to be 24.15 by

numerical integration between the pressure tap locations for P0 and P.

Therefore

24.15V0(t) + 40V 02(t) + - = 0 (15)

This equation can be numerically integrated for V0 (t) using the values

of P0(t) - P (t) from the oscillograph tracings.

* 1... ... ..
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Kim and Holl found the deceleration of the tunnel to be on the order
of 3 ft/sec2 . This corresponds to less than a three percent difference
between o and G . The tunnel velocity history after shutdown for thisp t

investigation is shown in Figure 24. The deceleration in the tunnel is
approximately 1 ft/sec 2 during the first 0.75 seconds and increases to
approximately 6 ft/sec 2 after one second. The attrition time for all
cavities in the reentrant jet regime is less than 0.75 seconds, resulting
in less than a two percent difference between a and a . For thisp t

reason a is plotted in Figures 25 to 27 to simplify calculations. InP

addition, the velocities in Figure 24 are computed based on the steady
state Bernoulli equation. For the time period of interest, namely the
first 0.75 seconds, the error would be about one percent.

The results of the cavity attrition tests using Model III are presented in
Table VI and in Figures 24 to 27. The agreement between the steady state data

and instantaneous measurements is poor with a generally lower than the

steady state conditions. It is felt that this discrepancy is primarily
due to the test procedure employed in the investigation. The tunnel drive
shutdown and strobe flash were connected by a single switch while the venti-
lation air was shut off with another. Due to the test setup involved,
it was necessary to have one person for each switch and to synchronize the
tripping of the switches with a countdown. A major source of error could
be the difference in reaction times between the two people used during the
shutdown procedure. Also, there is a small but finite time for the
ventilation air switch to close fully. The dissipation of the total
cavity from L/D=6 was usually less than 0.5 seconds, thus a small error
due to reaction time and the other factors could have a significant effect
on the results.

The data presented in Figure 27 shows the results of runs initially
in the twin vortex regime at the time the air supply and tunnel drive

were shut down. It is interesting to note that these data are significantly
below the data for runs initially in the reentrant jet regime. The exact
reason for this is not known, but it may be related to the transition
between the twin vortex and reentrant jet regimes described in an earlier
section. Also, referring to Table VI, the times for the cavities to dissipate
when in the twin vortex regime is far greater than when in the reentrant jet
regime.

In Figure 26 data are also given for the case where the ventilation
air supply was turned off but the tunnel continued to run. The results
are similar to those obtained when both the tunnel drive and air supply
were shut off. This indicates that the decelerations encountered during
the tunnel shutdown have little influence on the results. Further tests
are needed with a better data acquisition system to confirm this result.
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IV. CONCLUSIONS AND RECOMMENDATIONS

(1) There was a slight discrepancy between this investigation and that of
Kim and Holl [2] for the a versus L/D data. It is felt that this
is due to a difference in contours between the two models.

(2) The a versus L/D data fall on approximately the same curve for the
three models.

(3) The ventilation air flow coefficient as a function of cavitation number
follows the same qualitative trends as Kim and Holl [21 and Billet and
Weir [3]. The actual flowrates for the cases observed were in good
agreement with those of Kim and Holl [2].

(4) An interesting observation concerning the flowrate data is that the
model requiring the least amount of ventilation air at a given cavitation
number, was the model with no afterbody,whereas the model requiring the
greatest amount of air was the one with the 0.5 inch diameter afterbody.

(5) The pressure distribution along the model with the 1.0 inch diameter
afterbody showed good agreement with the results of Kim and Holl [2],
and Rouse and McNown [4]. In addition, data were obtained for a wide
range of cavity lengths at three velocities to extend the data of
Kim and Holl [2].

(6) The transition from the reentrant jet to the twin vortex regime was
observed, and the effect was most pronounced for the model with no
afterbody. Transition was quite sudden with the cavity growing four
or five times its original length for a small increase in ventilation
air flow rate.

(7) The agreement between the instantaneous cavitation number as a function
of cavity length and the steady state data was quite poor. It was felt
that the discrepancy was due to the experimental method employed.

(8) Future studies should be conducted along the following lines:

1. Extensive study should be conducted of the transition between the
reentrant jet and twin vortex flow regimes. This phenomenon may be
of interest in the study of missile trajectories where buoyancy
effects are significant.

2. Future models should all be supported by struts attached to the
nose, as was done with the model with no afterbody. Models with
afterbodies could also be constructed in this manner. This would
then eliminate obstruction at the downstream end of the cavity
and could more closely approximate prototype conditions.

3. Further work should be conducted on cavity attrition. A fully
automated shutdown and data acquisition system could be developed.
It Tas found that the deceleration of the tunnel was initially 1 2t/sec
after the tunnel was shut down and increased to 6 ft/sec 2 shortly
there~fter. Conducting attrition tests in the period where the
deceleration is maximum would more closely approximate water entry.
Also a method for increasing the tunnel deceleration in the tunnel
should be investigated.

'VI
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I

TABLE I

Tabulation of a Versus L/D Data

Model I: 1.0 inch Diameter 45 Cone 0.5 inch Afterbody

L/D a(Cavitation Number) Average a30 fps 45 fps 50 fps (30, 45, 50 fps)

1.5 0.343 0.353 0.357 0.351

2.0 0.318 0.318 0.320 0.319

2.5 0.259 0.276 0.265 0.267

3.0 0.258 0.231 0.232 0.240

3.5 0.206 0.193 0.217 0.205

4.0 0.196 0.189 0.194 0.193

5.0 0.149 0.147 0.165 0.154

6.0 0.093 * 0.131 0.129 0.130

7.0 0.122 0.118 0.109 0.116

8.0 0.115 0.101 0.093 0.103

* Not counted in average a tabulation

,1
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TABLE I - CONTINUED

Model II: 1.0 inch Diameter 450 Cone 1.0 inch Afterbody

a(Cavitation Number) Average a

V.= 30 fps Vw= 45 fps Vw= 50 fps (30, 45, 50 fps)

0.5 0.435 0.446 0.401 0.427

1.0 0.343 0.368 0.372 0.361

1.5 0.305 0.302 0.305 0.304

2.0 0.263 0.256 0.262 0.260

2.5 0.221 0.222 0.230 0.224

3.0 0.203 0.199 0.200 0.201

4.0 0.173 0.166 0.161 0.167

5.0 0.131 0.137 0.141 0.136

6.0 0.123 0.129 0.126

7.0 - 0.112 0.112

9.0-10.0 0.084 0.098 0.097 0.093
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TABLE I -CONTINUED

Model 1II: 1.0 inch Diameter 45 0 Cone No Afterbody

L/D ca(Cavitation Number) Average a
Vw= 30 fps Vw= 45 fps Vw= 50 fps (30, 45, 50 fps)

2.0 0.288 0.295 0.297 0.293

3.0 0.204 0.209 0.200 0.204

4.0 0.166 0.166 0.164 0.165

5.0 0.146 0.136 0.135 0.139

6.0 0.119 0.122 0.121

7.0 0.115 0.118 0.117

8.0 0.100 0.100

-25 0.103 0.085 0.086 0.091

'law
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TABLE II

Tabulation of CQ Data

Model 1: 1.0 inch Diameter 450 Cone 0.5 inch Afterbody

30 fps

a Q C Q PT Pc Average* Average"'

cfs psia psia U CQ

0.336 0.0019 0.0090 24.06 22.03

0.318 0.0056 0.0267 14.07 12.15

0.307 0.0048 0.0229 23.56 21.70

0.251 0.0096 0.0461 16.12 14.60

0.206 0.0115 0.0552 14.81 13.56
0.201 0.0143 0.0687 14.56 13.35

0.186 0.0155 0.0744 15.33 14.20

0.161 0.0158 0.0751 15.94 14.97
0.161 0.0160 0.0766 15.32 14.35

0.123 0.0181 0.0870 17.63 16.89
0.122 0.0170 0.0815 17.87 17.13 0.122 0.0833

0.080 0.0195 0.0936 15.30 14.81

* An average a and CQ is presented where a is close for two tests. These

average values account for the number of test points taken for each test.
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TABLE 11 - CONTINUED

Model 1: 1.0 inch Diameter 450 Cone 0.5 inch Afterbody

V= 45 fps

a Q C Q P PC Average* Average*
(cfs) (psia) (psia) a CQ

0.356 0.0012 0.0039 21.49 16.65 035004

0.354 0.0015 0.0049 28.50 223.68 035004

0.323 0.0076 0.0244 23.26 18.86

0.304 0.0066 0.0210 16.50 12.36

0.267 0.0144 0.0461 21.53 17.90

0.241 0.0180 0.0577 22.13 18.98

0.229 0.0197 0.0631 21.06 17.95 0.228 0.0606
0.226 0.0179 0.0572 16.23 13.15

0.195 0.0208 0.0665 18.17 15.51

0.168 0.0239 0.0765 18.74 16.45

0.135 0.0283 0.0906 17.28 15.44

0.122 0.0292 0.0935 15.90 14.24 011007
0.120 0.0317 0.1015 16.71 15.08 011007

*0.109 0.0328 0.1049 17.66 16.18

0.0899 0.0373 0.1192 16.65 15.42

*These average values account for the total number of data points for each run.
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TABLE II - CONTINUED

Model 1: 1.0 inch Diameter 450 Cone 0.5 inch Afterbody

V = 50 fps

a Q C p P C Average* Average*
(cfs) (psia) (psia) CQ

0.350 0.0017 0.0048 20.87 14.98

0.309 0.0082 0.0237 20.40 15.20

0.280 0.0135 0.0390 20.92 16.21
0.271 0.0159 0.0458 24.26 19.70

0.239 0.0190 0.0547 22.57 18.55

0.221 0.0230 0.0662 23.52 19.80

0.185 0.0257 0.0741 19.26 16.15

0.140 0.0307 0.0883 20.26 17.90

0.123 0.0310 0.0892 16.42 14.35

0.117 0.0368 0.1061 16.82 14.85

0.0839 0.0421 0.1213 15.96 14.55

* These average values account for the total number at data points

for each run.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _!
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TABLE II - CONTINUED

Model II: 1.0 inch Diameter 450 Cone 1.0 inch Afterbody

V= 30 fps

Q C PC ec
(cfs) (psia) (psia)

0.390 0.0013 0.0063 19.98 17.62

0.384 0.0030 0.0143 19.51 17.19

0.306 0.0052 0.0248 19.48 17.63

0.251 0.0070 0.0336 20.92 19.40

0.212 0.0090 0.0432 19.90 18.61

0.182 0.0098 0.0469 19.79 18.69

0.144 0.0131 0.0630 22.33 21.46

0.130 0.0142 0.0681 19.15 18.36

0.090 0.0142 0.0681 18.48 17.94

t

I
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TABLE II - CONTINUED

Model II: 1.0 inch Diameter 450 Cone 1.0 inch Afterbody

V.= 45 fps

Q CQ P PC
a (cfs) (psia) (psia)

0.412 0.0023 0.0072 28.69 23.08

0.386 0.0058 0.0185 23.67 18.42

0.310 0.0881 0.0282 22.13 17.91

0.271 0.0130 0.0417 26.48 22.79

0.230 0.0158 0.0507 24.24 21.10

0.209 0.0175 0.0560 22.32 19.47

0.178 0.0217 0.0694 21.41 18.99

0.142 0.0239 0.0764 16.59 14.66

0.122 0.0254 0.0813 15.41 13.75

0.085 0.0268 0.0857 15.86 14.70

ft. *
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TABLE II - CONTINUED

Model II: 1.0 inch Diameter 450 Cone 1.0 inch Afterbody

V= 50 fps

Q CQ P PC0 (cfs)
(psia) (psia)

0.395 0.0025 0.0071 27.05 20.42

0.390 0.0064 0.0185 23.84 17.31

0.300 0.0105 0.0301 23.46 18.43

0.258 0.0145 0.0417 26.02 21.70

0.228 0.0175 0.0504 26.07 22.25

0.208 0.0202 0.0581 23.93 20.44

0.165 0.0242 0.0697 17.89 15.13

0.142 0.0290 0.0836 15.47 13.09

0.141 0.0266 0.0767 15.93 13.56

0.125 0.0291 0.0838 13.96 11.87

0.101 0.0318 0.0915 15.22 13.52

0.088 0.0319 0.0920 14.28 12.81

E
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TABLE II - CONTINUED

Model III: 1.0 inch diameter 450 Cone No Afterbody

V = 30 fps

a Q C PO PC
(cfs) (psia) (psia)

0.283 0.0029 0.0140 16.65 15.21

0.231 0.0082 0.0395 18.00 16.60

0.183 0.0106 0.0510 17.96 16.86

0.153 0.0105 0.0506 16.68 15.76

0.139 0.0116 0.0558 16.50 15.66

0.075 0.0142 0.0680 15.42 14.97
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TABLE II - CONTINUED

Model 111: 1.0 inch Diameter 450 Cone No Afterbody

V%= 45 fps

(cfs) Q (psia) (psia)

0.291 0.0030 0.0097 22.48 18.52

0.203 0.0130 0.0417 21.80 19.04

0.150 0.0173 0.0554 18.50 16.45

0.141 0.0193 0.0616 17.81 15.89

0.115 0.0231 0.0739 18.93 17.37

0.094 0.0244 0.0781 21.51 16.81
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TABLE II - CONTINUED

Model III: 1.0 inch Diameter 450 Cone No Afterbody

V = 50 fps
PM PCQ CQ

(cfs) Q (psia) (psia)

0.292 0.0032 0.0092 19.01 14.11

0.203 0.0146 0.0420 18.45 15.05

0.154 0.0203 0.0585 22.22 19.64

0.144 0.0225 0.0648 20.36 17.94

0.103 0.0257 0.0740 17.25 15.52

0.092 0.0264 0.0761 16.76 15.22

0.066 0.0280 0.0805 14.15 13.04
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TABLE III

Tabulation of Pressure Distribution Data for 45 0

Cone With the 1.0 inch Afterbody (Model II)

V= 30 fps CP. = - ,i=1,2,.. .9 where i denotes
1/20f4 the pressure tap

L/D 0 1 4 9
C

C i .390 0.418 0.426 0.496

C P2 0.290 0.322 0.334 0. 404

C P3 0.234 0.263 0.283 0.3ob

C P4 0.171 0.197 0.220 0.297

C P5 0.079 0.121 0.153 0.225

C 6 -0.051 0.024 0.089 0.155

C -0.383 -0.1.98 -0.079 0.004
117

C -0.153 -0.378 -0.170 -0.082

C P9 -0.085 -0.365 -0.170 -0.090

-AWL
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TABLE III- CONTINUED

V.= 45 fps

L/DCPi 
; iCp. 0 1 4 6 10

Cp1  0.417 0.411 0.436 0.438 0.464

CP2  0.304 0.306 0.344 0.350 0.368

CP3  0.249 0.255 0.298 0.312 0.329

CP4  0.174 0.194 0.238 0.255 0.274

CP5 0.082 0.118 0.175 0.205 0.218

CP6 -0.051 0.013 0.098 0.125 0.145

CP7  -0.390 -0.210 -0.079 -0.028 -0.010

Cp8 -0.164 -0.404 -0.161 -0.112 -0.003

Cp9 -0.081 -0.369 -0.156 -0.115 -0.066
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TABLE III - CONTINUED

V-= 50 fps
t, ,

-- 0 1 4 6 8 10

C") 0.403 0.416 0.425) 0. 448 0.479 0.453

c0.29)7 0.313 0.328 0.350 0.388 0.352

C13 0.237 0.261 0.287 0.306 0.347 0.323

C 0.168 0.196 0.234 0.253 0.289 0.270
0.076 0.110. 1.174 0.204 0.229 0.202

0.07 05 02

Cp6 -0.055 0.016 0.091 0.117 0.155 0.131

Cp7  -0.399 -0.207 -0.01 -0.032 0.001 -0.023

C -0.169 -0.401 -0.168 -0.12 - 07c -0.0 %

C19 -0.083 -0.361 -0.170 -0.12/ -0.07" -0.094

-- 'p ... . ... .. -, ,t . . , -i , , - , -, , .¢

'r,. .... ..... .-'
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TABLE IV

I Tabulation of Pressure Tap Locations For

450 Cone With the 1.0 inch Afterbody (Model II)

* itne 12 34 5 6 7 8 9

IPresent 0.180 0-452 0.634 0.778 0.933 1.080 1.232 1.596 1.810Model

Kim and
11oll's 0.200 0.470 0.650 0.800 0.945 1.100 1.250 1.612 1.812
Model_____-___ 

_

I4

___45_- 
MODEL CENTERLINE
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TABLE V

DESCRIPTION OF THE TRANSITION BETWEEN THE REENTRANT JET AND

TTWIN VORTEX REGIMES FOR VELOCITIES OF 30, 45, AND 50 fps (MODEL III)

V. 30 fps

1. The cavity length was increased to L/D=5.5

(CQ=0.0582, o*=0.146).

2. A small increase in the air flowrit, and the cavity grew

to L/D=25.

3. The flowrate was decreased to C Q=0.0352 without any significant
change in cavity length.

4. A further decrease in the flowrit,, and the cavitv
decreased in length to L/D=2.5.

I
V. = 45 fps

1. The cavity length was increased to L/D=7.5

(C Q=0.0751, o*=0.115).

2. A small increase in the air flowrate and the cavity

grew to L/D=25.

3. The flowrate was decreased to CQ=0.0563 without any significant

change in cavity length.

4. A further decrease in the flowrate and the cavity decreased in

length to L/D=5.

V. 50 fps

1. The cavity length was increased to L/D=3.5

(Co=0.0743, o*=0.i0))

2. A small increase in the air flowrate and the cavity

grew to L/D=25.

3. The f lowratL, was decreased to C Z0. 0610 without any

significant change in cavity lcnth.

4. A further decrease in the fl ,wra;te and the cavity

decreased in length to L/D=5.

NOTE: 5* is defined as the lowest possible o which can be attained before
transition to the twin vortex regime occurs.

L',
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TABLE VI

TABULATION OF INSTANTANEOUS CAVITATION NUMBER AND

CAVITY LENGTH FOR THE CAVITY ATTRITION TESTS (MODEL III)

Test 4 Frame L/D ap Test 8 Frame L/D yp

50 fps 1 4.4 0.80 30 fps 1-40 >10
Framing rate - 17.5pps 2 4.4 0.107 Framing rate - 17.4pps 41 9.8 0.112

3 4.4 0.102 (Stirtinq in Twin 42 9.8 0.119
4 4.4 0.107 Vortex Regime) 43 8.9 0.126
5 4.3 0.103 44 8.3 0.126
6 3.8 0.089 45 8.9 0.119
7 2.7 0.131 46 7.4 0.122
8 2.0 O.1]92 47 6.8 0.123

9 .7 0.257 48 6.7 0.124I 49 6.5 0.131
Test 5 50 5.9 0.140
50 fps 2 7.0 0.104 51 5.5 0.140

Framing rate - 17.4ops 3 6.6 0.100 51 5.8 0.1506 .3 0.114 5 3 . 8 0.1 4

5 5.5 0.132 54 4.8 0.158
6 3. 0.163 55 4.1 0.169
7 2.9 (.1,91 56 3.7 0.164
3 1.9 1. . 56 .7 0.184
9 1.7 (787 0.2

Test 6 831 0.94 59 0.297
50 fps 2 9.2 0.115 60 1.4 0.246

Framing rate - 17. 4 pps 3 S.4 9.125 -----1-- 9 4 1Test 10 1-14 4 1
4 7.6 0.116 50 fps 15 10.2 0.07
5 6 . 0 .1 2 7 .4 0 06 6.2 0.157 Framing rate - 17. 4 pps 16 0.08
7 4.4 0.171 (Starting in Twin 17 6.7 0.08

8 2.4 0.208 Vortex Regime) 18 5.0 0.10

9 1 0.263 19 4.1 0.13
20 2.2 0.14

Test 7 .1 . 0.12 21 1.8 0.21
30 fps 2 4.8 0.172 22 1.6 0.21

Framing rate - 17. 4 pps 3 4.1 0.183 . . .......... .4 4 1 0.183 T stL 14 1 7. 0.103

5 3.3 0.184 5') tpr 2 6.8 0. 11 '4

6 2.8 0.25" Framin), rate - 21 6 pp s 3 6.7 0.118

7 1.8 0.2 4 7 4 0.0 9.109

1. 0.3109 5 4. .10 3
9 t.0 0.362 6 1.8 0.113

7 2.9 0.138

8 1.8 0.172

I 1., 0.18 3

10 1.1 0.240
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TABLE VI - CONTINUED

Frame L/D y Frame L/D p

Test 15 1-16 >10 - 52 6.8 0.042
50 fps 17 10 0.063 53 6.3 0.049

Framing rate-21.6pps 18 8.9 0.065 54 5.9 0.063
(Starting in Twin 19 7.1 0.068 55 5.7 0.069
Vortex Regime) 20 5.7 0.068 56 5.0 0.066

21 4.9 0.066 57 4.3 0.058
22 3.8 0.069 58 4.3 0.051
23 2.9 0.083 59 3.8 0.054

24 2.1 0.091 60 2.9 0.053
25 1.6 0.114 61 2.3 0.059

62 1.8 0.OL5
Test 16 1 0.117 63 1.8 0.053
30 fps 2 5.5 0.152 64 1.5 0.073

Framing rate-21.6pps 3 5.2 0.107

4 4.3 0.127 Test 18 1-16 >10

5 4.1 0.132 50 fps 17 9.7 0.037
6 0.133 Framing rate-21.6pps 18 8.6 0.049
7 2.7 0.124 (Starting in Twin 19 7.2 0.050

8 2.3 0.162 Vortex Regime) 20 5.8 0.061
9 2.0 0.162 21 4.3 0.046

10 1.7 0.200 22 3.3 0.072
23 2.2 0.079

Test 17 1-41 >10 24 1.7 0.079
30 fps 42 10.3 0.057

Framing rate-21.6pps 43 9.8 0.047 Test 19 1 6.8 0.129
(Starting in Twin 44 9.1 0.047 50 fps 2 5.4 0.130
Vortex Regime) 45 9.1 0.047 Framing rate-21.6pps 3 4.1 0.112

46 9.1 0.042 4 3.5 0.137
47 8.7 0.042 5 2.6 0.133

48 8.0 0.040 6 1.7 0.186

49 8.0 0.053 7 1.5 0.287

50 7.2 0.047 8 1.4 0.318
51 7.2 0.048 9 - 0.338

wij
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TABLE VI - CONTINUED

Cavity Attrition Tests - Ventilation Air

Only Turned Off (Tunnel Running)

All 50fps - Framing rate = 21.6pps

Frame L/D a - Frame L/D a_

Test 24 1 8.6 0.122 5 7.0 0.121

2 6.4 0.121 6 6.3 0.140

3 5.5 0.122 7 3.8 0.142
4 3.8 0.169 8 2.8 0.144
5 2.9 0.162 9 2.4 0.211
6 2.2 0.183 10 1.8 0.247
7 1.5 0.216
8 1.4 0.342 Test 28 1-17 >10
9 - 0.383 (Starting in Twin 18 11.3 0.074

Vortex Regime) 19 10.5 0.082

Test 25 1 9.5 0.152 20 9.3 0.084
2 9.3 0.193 21 8.1 0.081
3 9.2 0.216 22 6.3 0.086

4 7.6 0.171 23 5.0 0.100

5 5.7 0.2114 24 4.0 0.114

6 4.1 0.252 25 28 0.127
7 2.9 0.253 26 1.9 0.133
8 1.9 0.255 27 1.0 0.150

9 1.4 0.329 28 - 0.164
10 - 0.442 -

- -- Test 29 1 10.1 0.116

Test 26 1-18 >10 2 8.9 0.118
(Starting in Twin 19 10.4 0.087 3 7.5 0.110
Vortex Regime) 20 9.1 0.071 4 6.7 0.100

21 7.9 0.094 5 5.1 0.115
22 6.9 0.094 6 3.8 0.141
23 5.5 0.094 7 3.0 0.159
24 4.3 0.118 8 1.9 0.184
25 3.3 0.114 9 1.8 0.233
26 2.5 0.135 10 - 0.288
27 1.9 0.145
28 - 0.148 Test 30 1 7.5 0.109

2 5.8 0.113
Test 27 1 10.4 0.109 3 5.2 0.131

2 9.7 0.097 3.3 0.147
3 9.1 0.110 5 2.3 0.176
4 7.9 0.110 b 1.8 0.196

7 0.297

"ILI
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CAVITY PRESSURE TAP (P c

I\ So VENTILATION HOLES

G BLEED Nc A, TO VENTILATION GALES

VALVE CHECK VALVE

VALVE . CHECK
VALVE FLOWNIETER

CHECK

SANTOVAVG)ARPRESSURE GAGE
PaRmSS'RETRANSDUCERm AIR -FLOW-RATE

CONTROL VALVE

Figure 2 -Sketch of Test Arrangement for Steady State Measurements
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TUNNEL

AIR TO DRIV

VENTILATION

unr

CHECK STROBE LIGHT

p "c! MOVIE CAMERA

TRANSDUCER 1 3 2TRANSDUCER

Figure 3 -Sketch of Test Arrangement for Cavity Attrition Tests
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0.5 -D =1.0 inch MODEL 11
0OV_ = 30 ft/sec CAVITY

04-A V,,=50 ftsecT

Q <~50 D

0 0.3

0.? 0.4 (LD)0.55

0.0
0 1 2 3 4 5 6 7 8 .-9-10

CAVITY LENGTHIMODEL DIAMETER, LID

Figure 5 -Cavitation Number Versus Cavity Length for 1.0 inch
Diameter, 450 Conical Head Model with a 1.0 inch Diameter
Afterbody (Model 11)
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I I I I i I -vk '-

0.5 D = 1.0 inch MODEL Ill
o V = 30 ft/sec

O V0 = 45 ft/sec
o_ :.80.4 a Voo = 50 ft/sec

0 -
S0.3 45 D

KL-
" 0.2

0. 322 (L/D) -04

U 0.1

0.0 I I ,vI
0 2 3 4 5 6 7 8

CAVITY LENGTH/MODEL DIAMETER, L/D

Figure 6 - Cavitation Nui.,ber Versus Cavity Lengthi for 1.0 inch Diameter,
45' Conical Head Model with No Afterbody (,Model 111)
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&.> ') NO AFTERBODY

00

0 0
0.03 1 --1

0 2 4 6 8 10 12 -25

CAVITY LENGTH/MODEL DIAMETER, LID

li gure 7- CaviLation Numbcr Versus Cavity Length for 1.0 inch
Diameter, 450 Conical Hlead Models
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0 PRESENT DATA MODEL II
5 KIM AND HOL. (1975)

0.4 - V.= 30 ftlsec

t 0. 00 0
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-

0.0 _______ I
0 1 2 3 4 5 6 7 8 9-10

CAVITY LENGTH LI
MODEL DIAAMETLR

Fi~ir 8 ~ivjtat i on NtltlbeLr Versus (Xivi Lv 1,-n zth for- 1I( inich1
D! :ivet er, .#50 Conical Hea d Mode'. , vi tl I 1) .0 Ij' inhDi arno'te
AIt L rd1 e(fS- Com1par i sof wi thi tllI\cSLetS sOf K im -IId
Hio I ( 19 -7), V 30 ft/lsec
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1i ture q - V ifn tiLi \ 11 A \ r : Cav I t , it i1n Nu 1,r
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0.12

o V = 30 ft/sec
0 V00 = 45 ft/sec

.10 & V = 50 ftsec
008

CAVITY

Scy 0.08 0

0 0 A

C-)T 0o inch

E 0.06 0

CD)
0.O0

o~

0.0
U,-__ 0 0 -

C): 0
0.02 - al

04

0.0 1 ,1 .

0.0 0.1 0.2 0.3 0.4

CAVITATION NUMBER, a = (P,- PC )112 pv 2

Figure 10 - Ventilation Air Flow Coefficient Versus Cavitation Number
for 1.0 inch Diametcr, 450 Conical Head Model with a
1.0 inch Diameter Afterbody (Model IT)
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0 0

- 0.02-

0-0.0

0.03 I •I ,I

0.0 0.1 0.2 0.3 0.4
CAVITATION NUMBER, a = (P.- P )11/2p2 2

Fi;ure 11 - Ventilation Air Flow Coefficient Versus Cavitation Number
for 1 .0 inch Diameter, 450 Conical lead 'ModeI with No

Afterbody (Model III)
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Figure 13 -Local Pressure Coefficient Along the Body Surface of 1.0

inch Diameter, 450 Conical Head Model with a 1.0 inch
Diameter Afterbody, (Model II) -V 30 ft/sec
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Figure 14 - Loca] Pressure Coefficient .\]ong the Body Surface for
1.0 inch Diameter, 450 Conical Head Model with a 1.0 inch
Diameter Aterbodv (Model I) - V = 45 ft/sec
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Figure 15 - Local Pressure Coefficient Along the Body Surface for

1.0 inch Diameter, 450 Conical Head Model with a 1.0 inch

Diameter Afterbody (Model II) - V = 50 ft/sec
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Fi,*rJT l - Local Pressure Coefficient Along the Body Surface for
1.0 inch Diameter, 45' Conical Head Aodels with 1 0 inch
Diameter Afterbodies - Comparison with the Results of
Kim and Boll (1975) and Rouse and McNown (1948)
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Figure 22 - Influence of Gravity on the Transition of Flow Regimes - 1.0

inch Diameter, 450 Conical Head Body with No Afterhody
(Model III)
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Figure 23 - A Graph Showing the Method for Determining the Critical

Cavitation Index, a*, Together With the Method 
for

Determining k*, as Found by Swanson and O'Neill 
(1951)

.



-66- December 3, 1979

DRS: Jl'H: cac

50 00

0
0

0

45 00
0

0

400
0

00

00

0 0

00

00

20-. 0

00

C.) 0
00

0 25 0 7 8 9 1

20 iyAtrto Tests 1



-67- December 3, 1979
DRS: JW11: cac

f

O, D. 0 .4 I III

0.4

0..a. 0 TEST 7
0 A TEST 16

Q- 0.3 0 • STEADY STATE DATA

0.20
o

a A

0 0.1

0.01 I I
0 1 2 3 4 5 6 7

INSTANTANEOUS CAVITY LENGTHIMODEL DIAMETER, L(t)ID

(

Sigure~ 25 - instantaneous Cavitation Number, u , Versus Instantaneous
Cavity Length for 1.0 inch Diametc, 450 Conical Itead Model
with No Afterbody (Model III), V_(D) 30 ft/sec

- ' -- . ... . i . .... .. .



DIocimbor 19 I~)71)

o TEST 5
TET19

0. TEST 24 AIl' ONLY IUP\N[D OFF
~ .3Ao a STEADY STATE DATA

I0. 2 00

o 0 3m

A A0 aD 0  0

If0 0

%D
*0.0 o ~ . - ± Lf~. __.~ L

0 1 23 4 5 8 9

I NS1 ANIANIOLIS CAVI IY LLNCIUH MODEL 0 IANUIi R, I 0)11

F'i gil' .'0 1M; tlInt ult~~l CaXititai on Niimbot p. Vo \cis lt tat neiolls

i t h No I uCt 1, 1oti Md iLIl Ianc ' V *I W)n I 5 0 1 I.~L Niod



-69- December 3, 1979
DRS :JWH:cac

CL ~o TEST 8 30 fps
0 ET105 p~'03a TEST 15 50 fps

& TEST 17 30 fps

00

0.12

0.0 0 00 I I I I1a 20 0 "2
CAIYLNT/OE IMTR0I

< 0.

Figure 27 -Instantaneous Cavitation Number, a ,Versus Instantaneous
Cavity Length for 1.0 inch Diameter , 450 Conical Head Models
with No Afterbody (Model III) -Cavity Initially in Twin
Vortex Regime
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